Abstract This paper evaluates the issues of waste management in small and medium towns (SMTs) (with population in the range of 10,000-100,000) of India, and identifies the need for a multi-disciplinary approach encompassing technological, economic and financial aspects of the issues to effect improvements. A comprehensive set of cross-disciplinary strategies is suggested to improve the prevailing conditions with environmentally appropriate, economically efficient and financially self-sustaining waste management services. Based on a case study of four SMTs in the State of Tamil Nadu in India, this paper evaluates the application of the suggested strategies and offers policy recommendations.
Introduction
Development of waste management infrastructure helps accrue public health and environmental benefits over longer periods and the benefits are usually intangible. Hence, urban waste management often ends up getting a lower order of preference from development planners and policy makers of developing countries. In India, the problems of public health and environmental quality deterioration due to inadequate waste management practices are recognized, but mainly in the context of large cities. A distinct feature of urbanization in India is the occurrence of more than 2,500 small and medium towns (SMTs) with population in the range of 10,000-100,000, constituting an aggregate urban population of more than 52 million. The meagre budgetary allocation for waste management goes mainly to a handful of large metropolitan cities, leaving the SMTs with woefully inadequate levels of sanitation and waste management services.
Status of waste management in SMTs of India
All SMTs of India, with few exceptions, were adopting the dry/bucket latrine system for sanitation and the sullage was collected through open drains along the streets. The toilet wastes were manually collected for off-site disposal. The open drains served also as a stormwater collection system. To eliminate the manual scavenging practice, a low-cost sanitation scheme through conversion of dry toilets into pour-flush (PF) toilets, was initiated by the Government of India in 1980-81. Policies formulated for sanitation in SUAs, accordingly recommended low-cost on-site sanitation technologies for toilet wastes (National Master Plan, 1983) . Concerted implementation of the conversion scheme started only after 1990, and as of 2001, over 3.6 million dry toilets in 1107 towns have been converted into PF toilets with septic tanks (MOUD & PA, 2001 ) by providing subsidies. Since the households in SMTs live in small size residential plots that generally do not have any open front or backyards, the overflows from the septic tanks are not disposed through soakpits or leaching fields as was envisaged in the program. Instead, it is disposed into curbside open drains that are meant to carry relatively less polluting sullage and occasional stormwater. As a result, wastewater flowing through the open drains contains high levels of fecal and total coliforms, apart from other organic and nutrient pollutants.
Primary collection of municipal solid wastes (MSW) in a majority of SMTs is through bottomless concrete rings (garbage bins) placed in street corners. In streets that have not been provided with garbage bins, the open drains are abused for dumping garbage, road sweepings, building wastes etc., causing choking and overflows, particularly during the rainy season, posing serious public health risks. Moreover, the pathogen-loaded wastewater is extensively used for irrigation without any treatment. A recent survey of the Central Pollution Control Board (CPCB) indicates that well over 95% of SMTs do not have any wastewater treatment facilities, and disposal on land, and direct and indirect use for irrigation is the predominant mode of disposal (CPCB, 2000a) . Another survey on the status of MSW management reports indiscriminate dumping of garbage in open lands (CPCB, 2000b) . Public health impacts and pollution of surface and ground waters resulting from the liquid and solid waste disposal practices of SMTs largely remain undocumented.
Issues
The waste management practices promoted in SMTs of India represent a classic example of the results of a "supply driven" policy approach wherein the government remains the sole arbiter and supplier. The financial resource constraints of the government make policy makers choose waste management levels based on the criteria of "affordability", which does not necessarily mean the "affordability" of the community intended to be served, but of the government, the supplier. For example, for wastewater management in SMTs, apart from on-site sanitation, the only other option considered was the capital-intensive conventional (underground) wastewater collection system. Under comparable topographical features, the per capita cost of the conventional system could be as high as Rupees (Rs.) 1950 (approximately US$ 43.3) in urban areas of the size of SMTs, and as low as Rs. 250 (US$ 5.6) for large cities with populations of more than a million, due to economies of scale (NIUA, 1995) . Hence, a conventional wastewater management system often gets eliminated as an "unaffordable" option, paving the way for policies promoting on-site sanitation in SMTs.
Inadequate waste management in SMTs is indicative of some strongly held but untested beliefs that prevail in developing countries. These are:
• Absence of waste management infrastructure in SMTs will not lead to any major environmental problem; hence, there is no need for innovative technological response and social mobilization (McGranahan et al., 1996) ; • Among other civic priorities such as water and electricity supply, roads and transportation facilities etc., the demand for waste management services is low; and • Provision of waste management services is an obligation of government, and households are not willing to pay for these services (Suresh, 1998) . Hence, the prospect for cost recovery through pricing of these services is low.
In the absence of any attempt to test these beliefs, the "supply-driven" mode of policymaking carries over merely through perceptions. Policies so proffered, hence, poorly reflect the preferences and priorities of the communities served.
Strategies for improvement
The waste management status in SMTs can be described as a result of what economists refer to as a "low-level equilibrium trap", involving policies that promote low levels of services adopting "inappropriate" technological options to be offered at low prices leading to lower demand and return on investments, and hence low priority of developing the infrastructure. The perception that SMTs cannot afford better waste management infrastructure arises mainly because of the notion that waste management is a dichotomy of either "onsite" or conventional "off-site" systems. In the absence of any information on community demand and preferences, it is presumed that the communities will not be willing and able to pay the high costs of conventional technologies. Further, there is also a dilemma in introducing pricing policies for full cost recovery for waste management services mainly on equity considerations. Bleak prospects of cost recovery under poor pricing policies make the public investment in these services a continuous burden on financial resources raised through tax revenues. Having to develop waste management strategies under pressing constraints of public finance, the policy makers opt for inappropriate technological models to achieve financial efficiency. In this process, the adequacy and appropriateness of the selected technological options in terms of public health and environmental protection is lost sight of.
A demand-driven approach is the need of the hour for developing policies for improved waste management in SMTs. In this approach, community perceptions and demand for improved waste management services are estimated empirically. The demand information so obtained, instead of the perceptions of the decision makers, is then used to evolve policies for improved waste management. Demand-driven improvement strategies will aid planning with the participation of the community, encouraging them to have a say in the policy-making process, and therefore, will be responsive rather than prescriptive.
From a financial perspective, SMTs are not large enough to justify the capital and managerial requirements of the conventional waste management approach as in large cities. Experiences of many externally aided projects in developing countries show that capital investments in conventional facilities have often failed to achieve desired outcomes mainly due to inadequate technical and financial arrangements for their maintenance (WSP, 1999) . On the other hand, they are also not small enough for adoption of a simple on-site waste management approach as it provides inadequate sanitation and has led to environmentally unsound disposal practices. It follows that identification and development of less capitalintensive, "intermediate" waste management technologies, and assessment of community demand and willingness to pay for services will be the key requirement to effect improved waste management in SMTs. Intermediate technologies will help to meet the community demand without an excessive financial burden and to induce lower pricing of services. Assessment of demand and "willingness to pay" by the communities will help to arrive at a basis for pricing waste management services and to clarify the scope for adopting "full cost recovery" policies to achieve financial sustainability. With full cost recovery in sight, SMTs need not rely only on budgetary allocations from higher levels of government, as options to involve private capital markets will also become a possibility.
Application of "demand-driven" improvement strategies An attempt was made to apply the suggested improvement strategies through a case study, with a view to test and evaluate the outcomes in field conditions. Four towns, namely, Andipatti, Bodinayakanur, Cumbum and Theni, all located in the State of Tamil Nadu, India, were selected for the case study. The field study included a preliminary waste characterization study through collection of grab wastewater and MSW samples, and a contingent valuation survey for demand assessment. The results of the waste characterization study have been used for developing appropriate "intermediate" waste management technologies for the studied SMTs. Some of the criteria adopted for development of "intermediate" waste management technologies for SMTs are:
• effective sanitation and higher levels of community satisfaction • techno-economic feasibility at smaller scales of operation • simpler operation with minimal maintenance • flexibility to be introduced as "augmentative" arrangements to the existing facilities so as to achieve lower capital expenditure by utilizing sunk costs • recovery and reuse of wastes for financial gains as well as resource conservation.
Development of intermediate waste management technologies
A pragmatic wastewater collection system by converting the existing open drains running at the road surface level, into a network of covered drains to collect and transport sewage and stormwater has been identified as a cost-effective option for SMTs. Such a combined collection system can utilize all the existing sanitation arrangements in SMTs. Incorporating some simple structural modifications in these covered drains will facilitate their proper functioning, cleaning, maintenance and prevention of abuse. The schematic arrangement of such a "combined surface sewerage" is shown in Figure 1 . A detailed description of this collection system, its construction, operation and maintenance is presented in Sundaravadivel et al. (1999) .
In most SMTs, wastewater flowing through large terminal drains being reused for irrigation purposes, directly or after storage in ponds, is common. The dangers of such unsafe reuse practices have regularly shown up as outbreaks of diseases in these towns. Treatment of wastes can make reuse practices safer in terms of both public health and environmental protection. Hence, technological solutions with a view to dispose of treated wastewater through agricultural reuse have been ascertained as an appropriate option. This strategy is to take advantage of the geographic location of SMTs, around which are vast stretches of agricultural lands, and to minimize treatment costs. A comparison of the characteristics of wastewater in the SMTs studied with the wastewater disposal standards (Table 1) indicates that only a minimal level of treatment (from a maximum of 180 mg/L to 100 mg/L) will be required to comply with the prescribed BOD standard for wastewater reuse in irrigation. Since no standards have been prescribed for microbiological parameters, the WHO guideline for fecal coliform concentration of less than 1,000 per 100 mL has been considered. Hence, improvement of microbiological quality to achieve WHO guidelines for unrestricted irrigational reuse has been identified as the objective of wastewater treatment in SMTs.
Applying the concept of constructed treatment wetlands, the large terminal drains of the SMTs studied have been identified for conversion into gravel-filled beds supporting commonly found Indian reeds such as Phragmites carca and Typha latifolia, and development as surface flow reed bed channels for treatment of wastewater. A detritus tank pretreatment preceded by a stormwater overflow structure to bypass the flows in excess of twice the peak dry weather flow are the other system requirements (Figure 2 ). For management of MSW, the viability of a composting process as the option for resource recovery has been evaluated during the field study. The physical composition of fresh MSW samples collected from Figure 1 Schematic diagram of combined surface sewer system (not to scale) dumpsites showed that about 70% of the wastes are organic, and hence can be used to recover a marketable compost product, by adopting a simple semi-mechanized aerobic composting process (Figure 3) . A detailed discussion on development of design criteria for reed bed channels and the composting process is presented elsewhere (Sundaravadivel et al., 2000a) .
Estimated total per capita costs of waste management for the four towns studied are presented in Table 2 . Estimates of cost recovery through reuse of treated wastewater for irrigation and sale of compost, based on nominal rates of US$2.5 per 1,000 KL of treated wastewater, and US$ 10 per ton of compost are also presented in Table 2 . After accounting for cost recovery, a net average per capita cost of US$ 11 towards capital expenditure and US$ 0.4 for operation and maintenance has been arrived at.
Assessment of demand for waste management in SMTs Waste management services are "quasi" public goods that provide a mix of both private and public benefits. Demand for such services cannot be readily estimated from market information. One approach to gather such information is to ask a representative sample of households directly about their preferences and willingness to pay (WTP) for improved Figure 3 Schematic of semi-mechanized aerobic windrow composting process for SMTs services. This approach is termed the "contingent valuation method (CVM)". In CVM, questions are put to individuals or households to determine the levels of WTP in monetary terms for a particular public amenity or service. For the purpose of assessment of demand for improved waste management, a CVM survey has been undertaken in all the four towns.
Responses of 456 randomly selected households to a well-designed questionnaire have been collected through direct interviews over a period of four weeks. The main part of the questionnaire presented a dichotomous choice question, which required the household to state "yes" or "no" to an initial proposed monthly "willingness to pay (WTP)" amount as a waste management service charge. Depending on the answer to this starting value, a higher or lower follow-up bid was prompted. These amounts were kept in the vicinity of the prevailing monthly water tariffs, and ranged from Rs. 5 to Rs. 50 (1 US$ = Rs. 45). The cumulative percentages of households willing to pay a particular monthly tariff are presented in Table 3 . The results of the CVM survey are analysed and discussed in detailed in Sundaravadivel et al. (2000b) . The demand for improved waste management in SMTs is confirmed by the finding that 97.8% of the surveyed households are willing to pay for improved waste management services. The average monthly WTP is Rs. 27.50. Based on the cost estimates for intermediate waste management technologies, if full cost recovery is to be made over a period of 20 years at an interest rate of 15%, the services have to be priced at a monthly charge of only Rs. 18 for an average household size of five persons. Thus, the findings of the CVM survey clarifies that full cost recovery can be made by appropriately pricing waste management services. If the average WTP is considered as a monetary measure of benefits accrued to each of the households due to improved waste management in SMTs, then the benefit-tocost ratio works out to be 1.5, which clearly indicates the desirability of developing waste management infrastructure in SMTs. The survey results also indicate the possibility for SMTs to borrow funds from financial institutions for early development of waste management infrastructure and servicing the debt through revenues collected as monthly tariffs. Alternatively, they can also explore the possibilities of involving the private sector in installing and operating the services under appropriate contractual models such as service and management contracts.
Conclusions
Current inadequacies of waste management infrastructure in SMTs are due to formulation of "supply-driven" policies based on misconceptions and untested beliefs about the technological, economic and financial aspects of waste management. Resolving these interrelated issues requires "demand-driven" strategies that address the constraints in an integrated manner in order to develop environmentally and economically sustainable waste management infrastructure. The case study of four SMTs shows that the financial burden of providing waste management facilities at the local government as well as the household level can be eased, through adoption of appropriate intermediate technologies. The findings of the CVM survey confirm that development of waste management infrastructure in SMTs accrue substantial social and economic benefits. Findings also suggest that government authorities can adopt pricing policies aiming at full cost recovery from waste management services. With guaranteed return from investment, involvement of private partners and community-based organizations will become a viable option for speedy development of waste management infrastructure.
